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(57) ABSTRACT

Consistent with an example embodiment, there 1s an appara-
tus comprising a circuit (300) board. The circuit board
includes a first surface (501a) and a second surface (5015).
The first and second surfaces each have at least a component
populated thereon; the circuit board has a first surface thereof
populated before a second surface thereof and 1s overmolded.
The circuit board has conductive material disposed over areas
ol the second surface defining at least a feature (504) on the
second surface. The at least a feature 1s defined by the con-
ductive material and other than defined by solder resist (508)
disposed on the second surface overlapping the conductive
material, wherein the at least a feature 1s a feature for remain-
ing exposed during a process of populating the first surface
other than a fiducial.

11 Claims, 10 Drawing Sheets
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1
WARPAGE PREVENTING SUBSTRATES

The istant invention relates to substrates for use 1n semi-
conductor packages. In particularly, the instant invention
relates to a flat-bottom design substrate that 1s use 1n prevent-
ing warpage and method of making same.

A substrate for use as a chip carrier 1n a semiconductor
package 1s generally formed with a core layer made of a resin
material. A copper film 1s attached to opposing upper and
lower surfaces of the core layer respectively, and subjected to
exposing, developing and etching processes to pattern the
copper film to form a plurality of conductive traces. When
used 1n package fabrication processes, the upper and lower
surfaces of the core layer usually function differently. For
example, mn RF modules a number of components are
assembled at the upper surface of the substrate, both with
flip-chip technology and with wire bond technology and
SMD-passive components including a power transistor. The
components at the upper surface are overmolded, so as to
protect the components from moisture and dirt. A heat sink 1s
provided at the lower surface to dissipate heat that 1s carried
by thermal vias extending from the upper surface, through the
substrate, to the lower surface. The thermal vias are filled with
copper and with epoxy filler. Also at the lower surface, one or
more LGA (Land Grid Array) and/or BGA (Ball Grid Array)
1s present. One major problem that 1s encountered during
package fabrication processes 1s deformation of the substrate.
In addition, cracks are often produced 1n or near the thermal
vias, especially the thermal vias located near to the edge of the
heat sink.

The prior art has attempted to solve the problem of sub-
strate warpage by, for instance, addressing coetlicient of ther-
mal expansion (CTE) mismatch. U.S. Pat. No. 5,473,119 of
Rosenmayer et al. (Issued on Dec. 5, 1995) discloses a sub-
strate with stress absorbing means, composed of a support or
core layer, a stress-relieving layer and a conductive layer
having a plurality of traces. The stress-relieving layer absorbs
the CTE-induced stress eflect when an electrical element 1s
mounted and electrically connected to the substrate via a
variable temperature process. Unfortunately, the stress-re-
lieving layer increases the thickness of the substrate and
increases production complexity and cost of the substrate.

U.S. Pat. No. 6,835,897 of Chang et al. (Issued on Dec. 28,
2004) discloses a warpage preventing substrate having a plu-
rality of first conductive traces and a plurality of first non-
functional traces provided on a first surface thereot, and hav-
ing a plurality of second conductive traces and a plurality of
second non-functional traces provided on a second surface
thereol. The first non-functional traces are arranged 1n differ-
ent density from the second non-functional traces, so as to
allow stress generated from the first conductive traces and
first non-functional traces on the first surface of the substrate
to counteract stress generated from the second conductive
traces and second non-functional traces on the second side.
However, providing non-tunctional traces having suitable
density for balancing the stress that 1s generated at the two
opposite surface of the substrate results 1n increased manu-
facturing complexity, and may limit the area of substrate that
1s useable for mounting electrical components.

There 1s a need to provide a warpage-preventing substrate
that overcomes at least some of the above-mentioned limita-
tions of the prior art.

In an embodiment of according to the present invention
there 1s provided an apparatus. The apparatus comprises a
circuit board including a first surface and a second surface;
the first and second surfaces each have at least a component
populated thereon; the circuit board has a first surface thereof
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populated before a second surface thereof and for being over
molded. The circuit board has conductive material disposed
over areas of the second surface defining at least a feature on
the second surface. The at least a feature 1s defined by the
conductive material and other than defined by solder resist
disposed on the second surface, overlaps the conductive
material. The at least a feature 1s a feature remains exposed
during a process of populating the first surface other than a

fiducial.

In another embodiment according to the present invention
there 1s provided a method of designing a circuit board. The
method comprises providing a circuit design; laying out the
circuit to result 1n a circuit board such that some components
are to be populated on a first surface of a circuit board and
another component 1s to be populated on a second other
surface of the circuit board. The first surface for i1s over-
molded and a layer of solder resist to the second surface of the
circuit board 1s added. The solder resist 1s added 1n a fashion

resulting 1n the solder resist remaining approximately copla-
nar with the conductive features on the second surface.

In another embodiment according to the present invention
there 1s provided a storage medium having stored thereon
instruction data. The instruction data for when executed
results 1n the following: receiving a circuit design; laying out
the circuit to result 1n a circuit board such that some compo-
nents are to be populated on a first surface of a circuit board
and another component 1s to be populated on a second other
surface of the circuit board, the first surface for being over-
molded; and adding a layer of solder resist to the second
surface of the circuit board, the solder resist added 1n a fashion
resulting in the solder resist remaining approximately copla-
nar with the conductive features on the second surface.

The above summaries of the present immvention are not
intended to represent each disclosed embodiment, or every
aspect, of the present invention. Other aspects and example
embodiments are provided in the figures and the detailed
description that follows.

Exemplary embodiments of the mvention will now be
described 1n conjunction with the following drawings, in
which similar reference numbers designate similar items:

FIG. 1 (Prior Art) 1s a schematic cross-sectional view of a
circuit board 100;

FIG. 2 (Prior Art) 1s a magnified cross sectional view of a
circuit board 200 designed and manufactured according to the
prior art and shown 1n schematic view 1n FIG. 1;

FIG. 3A (Prior Art) 1s a top layout diagram view of the prior
art circuit board shown 1n FIG. 1 1n cross section;

FIG. 3B (Prior Art) 1s a cross-sectional view taken along
line A-A 1n FIG. 3A;

FIG. 3C (Prior Art) 1s an enlargement of a portion of the
cross-sectional view of FIG. 3B;

FIG. 4 1s a simplified tlow diagram of a method of fabri-
cating a circuit board according to an embodiment of the
present invention;

FIG. 515 a schematic cross-sectional view of a circuit board
500 according to an embodiment of the present invention;

FIG. 6A 1s simulated stress/deformation diagram data
showing Von Mises stress for the circuit board of FIG. 1 after
over molding thereof;

FIG. 6B 1s simulated stress/deformation diagram data
showing Von Mises stress for the circuit board of FI1G. 4 after
over molding thereof;

FIG. 7A 1s simulated data for substrate edge deformation
for the circuit board of FIG. 1 after over molding thereof;

FIG. 7B 1s simulated data for substrate edge deformation
for a the circuit board of FIG. 4 after over molding thereof;
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FIG. 8A 1s a cross-sectional view of a GETEK based sub-
strate after assembly according to the prior art; and,
FIG. 8B 1s a cross-sectional view of a GETEK based sub-

strate after assembly according to an embodiment of the
instant 1nvention.

The following description 1s presented to enable a person
skilled 1n the art to make and use the mvention, and 1s pro-
vided 1in the context of a particular application and its require-
ments. Various modifications to the disclosed embodiments
will be readily apparent to those skilled in the art, and the
general principles defined herein may be applied to other
embodiments and applications without departing from the
spirit and the scope of the invention. Thus, the present inven-
tion 1s not intended to be limited to the embodiments dis-
closed, but 1s to be accorded the widest scope consistent with
the principles and features disclosed herein.

As was discussed supra it 1s known to prevent or reduce
substrate warpage or deformation caused by CTE mismatch.
The instant inventors have now realized that making the lower
surface of the substrate substantially planar or conformal to
the carrier used during the molding process prevents or
reduces substrate warpage and cracks in the vias. Preferably,
the entire lower surface of the substrate 1s planar or conformal
to the carrier. Optionally, only a portion of the lower surface
of the substrate 1s planar or conformal to the carrier, such as
for instance a portion of the lower surface proximate the heat
sink.

Referring to FIG. 1, shown 1s a schematic cross-sectional
view of a circuit board 100 according to the prior art. The
board 100 includes a substrate 101 1n the form of a plurality of
sandwiched layers shown having a via 102 extending there-
through. The substrate has a top surface 101a and a bottom
surtace 1015. At a bottom end of the via 102 1s a contact 104
formed of a conductive material in the form of copper. Also
shown 1s heat sink 106 formed of a heat conductive material
in the form of copper and solder resist 108 disposed on (be-
low) the contact 106 and to the side thereof.

Referring to FIG. 2, shown 1s a magnified cross sectional
view of a circuit board 200 designed and manufactured
according to the prior art and shown 1n schematic view 1n FIG.
1. A substrate 201 1n the form of a plurality of sandwiched
epoxy layers 1s shown having a via 202 therethrough. The
substrate has a top surface 201a and a bottom surface 2015. At
a bottom end of the via 202 1s a contact 204 formed of a
conductive material in the form of copper. Also shown 1s heat
sink 206 formed of a heat conductive material in the form of
copper and solder resist 208 disposed on (below) the heat sink
206 and to the side thereotf. The circuit board viewed 1n cross
section has been previously overmolded and, as 1s evident the
top surface 201a of the substrate 201 1s warped.

Referring to FIG. 3A, shown 1s top layout diagram view of
the prior art circuit board shown in FIG. 1 1n cross section.
FIG. 3B shows a cross sectional view along the line A-A of the
circuit board of FIG. 2 circuit board with a top side thereof
populated and after overmolding thereof FIG. 3C shows a
magnified portion of the cross section of the populated circuit
board of FIG. 3B.

Referring to FIG. 3A, a solder mask 310 1s shown having
conductive surfaces such as 312 thereunder. As 1s more
clearly visible in FIG. 3C, during an overmolding process the
top surface of the board shown 1s warped. This causes circuit
component 320 to rest at an angle which 1s undesirable. In
FIG. 3B, 1t 1s evident that the entire upper surface of the board
does not sufler equally from the warpage, and that the
warpage 1s substantially about locations wherein the bottom
surface of the board 1s uneven.

10

15

20

25

30

35

40

45

50

55

60

65

4

Referring to FIG. 4, shown 1s a simplified flow diagram 400
of a method of fabricating a circuit board according to an
embodiment of the instant invention. At step 410, a circuit
design 1s provided for implementation within a circuit board
or module. The circuit board 1s laid out for implementation of
the circuit once populated with designated components at
step 420. At step 430, board features such as fiducials, heat
sinks, and other aspects of the board are applied. At step 440,
solder resist 1s applied to the laid out board. Fiducials serve as
reference marks on the substrate to facilitate manufacturing.
Here, 1n accordance with the embodiment, the solder resist
for the bottom layer 1s provided 1n a fashion that other than
overlaps the electrically conductive material in the form of
copper on the bottom surface. For example about the edges of
the heat sink 1s disposed the solder resist without touching the
surface of the heat sink. In practice, a small gap 1s provided
between the heat sink and the solder resist to account for
manufacturing tolerances in order to ensure that the solder
resist does not overlap the heat sink. At step 450, the laid out
board 1s manufactured. Alternatively, the solder resist 1s
deposited 1n an overlapping manner and then the bottom of
the board 1s planarized to remove solder resist where 1t over-
laps the electrically conductive material. At step 460, the
manufactured board has 1ts top surface populated. Once
populated, the top surface 1s overmolded at step 470. At step
480, the bottom surface of the board 1s populated. Thus, a
manufactured board or module results.

The relatively tlat bottom side of the circuit board provides
support for the overmolding process and reduces an occur-
rence of warpage due to an uneven bottom surface of the
circuit board.

Though 1n the embodiment of FIG. 4 the conductive mate-
rial 1s not overlapped by the solder resist material, it 1s pos-
sible within the scope of the invention to have some conduc-
tive material overlapped with solder resist where other
conductive material 1s not. For example, when 1t 1s found 1n
manufacture that a particular portion of a board warps, 1t 1s
possible to eliminate solder resist overlap on that portion of
the board only 1n order to rework same.

Reterring to FIG. 5, shown 1s a schematic cross-sectional
view of a circuit board 500 according to an embodiment of the
instant ivention. The board 500 includes a substrate 501 1n
the form of a plurality of sandwiched layers shown having a
via 502 extending therethrough. The substrate has a top sur-
face 501q and a bottom surface 5015. At a bottom end of the
via 502 is a contact 504 formed of a conductive material in the
form of copper. Also shown 1s heat sink 506 formed of a heat
conductive material in the form of copper and solder resist
508 disposed adjacent the contact 504 and to the side thereof
and other than overlapping therewith.

Referring to FIG. 6 A, shown 1s simulated stress diagram
data 610 showing Von Mises stress for the circuit board of
FIG. 1 after overmolding thereof and according to the prior
art. As 1s evident from the diagram, there 1s significant
warpage 1n the board.

Referring to FIG. 6B, shown 1s simulated stress diagram
data 620 showing Von Mises stress for the circuit board of
FIG. 4 after overmolding thercof. As 1s evident from the
diagram, there 1s significantly less stress and warpage present
in this board than for the board of FIG. 1. It 1s apparent that
placement of components on the bottom surface of the board
1s straightforward since the component placement system
operates “1deally” for flat surfaces. In general, the resulting
quality of the manufactured board 1s higher.

Referring to FIG. 7A, shown 1s simulated data 710 for
substrate edge deformation for the circuit board of FIG. 1
alfter overmolding thereof and according to the prior art.
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Referring to FIG. 7B, shown 1s simulated data 720 for sub-
strate edge deformation for the circuit board of FIG. 4 after
overmolding thereof. Clearly, edge deformation 1s reduced
through application of the present embodiment of the inven-
tion.

Referring to FIG. 8A, shown 1s a cross-sectional view of a
GETEK based substrate after assembly for a board designed
and manufactured according to the prior art. Referring to FIG.
8B, shown 1s a cross-sectional view of a GETEK based sub-
strate after assembly for a board designed and manufactured
according to an embodiment of the instant ivention. It 1s
evident from a review of the diagrams that substantially less
warpage results when a design according to the instant
embodiment 1s used. For example, conductor 810a 1s at a
substantial angle relative to a normal to via 820a. In contrast,
conductor 8105 1s approximately perpendicular to via 8205.

It 1s apparent to those of skill 1in the art that retaiming a
relatively flat surface for assembly 1s advantageous. It 1s fur-
ther evident that warpage of a board during manufacturing 1s
undesirable.

The atore-mentioned embodiments are particularly impor-
tant for products 1n which a semiconductor die attached to the
topside of the laminate 1s smaller than the heat sink at the
bottom side. In that event, the pressure of the molding com-
pound works on the area on the top side overlying the heat
sink rendering the heat sink very vulnerable to warpage.

The above embodiments are particularly useful when map
molding 1s employed in which the complete module 1s
molded 1n one step.

While the present invention has been described with refer-
ence to several particular example embodiments, those
skilled 1n the art will recognize that many changes may be
made thereto without departing from the spirit and scope of
the present invention, which 1s set forth i the following
claims.

What is claimed 1s:

1. An apparatus comprising: a circuit board including a first
surface and a second surface, the first and second surfaces
cach for having at least a component populated thereon, the
circuit board for having the first surface thereof populated
before the second surface thereof and for being overmolded,
the circuit board having conductive material disposed directly
on and physically contacting the second surface, the conduc-
tive material defiming at least one feature on the second sur-
face, the at least one feature defined by the conductive mate-
rial, the circuit board having a solder resist disposed directly
on and physically contacting the second surface without over-
lapping or physically contacting the conductive material,
wherein the at least one feature 1s a feature for remaining,
exposed during a process of populating the first surface other
than a fiducial.
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2. The apparatus of claim 1 wherein the at least one feature
comprises a heat sink.

3. The apparatus of claim 1 wherein the at least one feature
comprises a via.

4. The apparatus of claim 1 wherein on the second surface
the solder resist 1s disposed 1n substantially a same plane as
the conductive features.

5. The apparatus of claim 1 wherein material disposed on
the second surface of the board 1s so disposed 1n a pattern to
prevent warpage of the board during overmolding thereof.

6. The apparatus of claim 1 wherein the second surface has
suificient support along a flat resting plane thereof such that
during overmolding the circuit board 1s other than substan-
tially warped.

7. The apparatus of claim 1 comprising:

circuit components populated on the first surface including,

at least one through hole component;

overmolding applied to the first surface wherein the circuit

board 1s substantially planar.

8. The apparatus claim 1 wherein the at least one feature 1s
selected from the group consisting of: pads, heat sinks, and
vias.

9. A storage medium having stored thereon instruction
data, the mstruction data for when executed resulting in the
tollowing: receiving a circuit design; laying out the circuit to
result 1n a circuit board such that some components are to be
populated on a first surface of the circuit board and another
component 1s to be populated on a second other surface of the
circuit board, the first surface for being overmolded; forming
conductive features directly on the second surface such that
the conductive features physically contacts the second sur-
face; and forming a layer of solder resist directly on the
second surface of the circuit board such that the solder resist
physically contacts the second surface, the solder resist
formed 1n a fashion resulting in the solder resist remaining
approximately coplanar with the conductive features on the
second surface.

10. The apparatus of claim 1, wherein the solder resist 1s
disposed on the second surface without contacting the con-
ductive materal.

11. The storage medium of claim 9, wherein at least one of
the conductive features has a top surface and an opposing
bottom surface, the top surface of the conductive feature
physically contacting the second surface, and

wherein the solder resist has a top surface and an opposing

bottom surface, the top surface of the solder resist physi-
cally contacting the second surface and the bottom sur-
face of the solder resist being coplanar with the bottom
surface of the at least one of the conductive features.
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